Abstract We examined the association between physical activity (PA), neurocognitive impairment (NCI), and instrumental activities of daily living (IADLs) among older HIV? persons. One hundred older HIV? adults completed the International Physical Activity Questionnaire, a neurocognitive battery, and IADL scale. Higher levels of moderate PA were associated with lower odds of NCI (p = 0.01), even when covariates were modeled. The association between moderate PA and NCI was driven by executive function (p = 0.04). Higher levels of moderate PA were also associated with lower odds of IADL Dependence (p = 0.03), although this fell to a trend (p = 0.08) when including covariates. Follow-up analysis showed those with both NCI and IADL Dependence had lower moderate PA than those with neither (p = 0.03). While these cross-sectional findings suggest PA is associated with better neurocognitive and everyday functioning in older HIV? adults, longitudinal studies utilizing objective PA methods are needed to evaluate directionality and mechanisms.
Introduction
There has been a recent increase in the incidence and prevalence of HIV among older adults (i.e., aged 50 and above) due to an increase in new diagnoses in older adults and decreases in mortality with antiretroviral therapy (ART), respectively [1] . By 2015, half of those living with HIV/AIDS in the U.S. will be aged 50 and above, and the proportion is expected to rise to 70 % by 2020 [2, 3] . Recent reports by the NIH Office of AIDS Research and the U.S. Senate Special Committee on Aging emphasize the significant public health priority for research in this vulnerable and growing population [3, 4] . In particular, research on cognitive aging with HIV is needed, given that HIV and aging have additive detrimental effects on brain structure and function [5] [6] [7] [8] [9] [10] , which may translate to additive (and potentially synergistic) effects on neurocognitive impairment (NCI) [11] .
HIV-associated neurocognitive disorders (HAND) are observed in as many as half of HIV-infected (HIV?) adults [12] , and older adults with HIV are at a three-fold increased risk of HAND relative to younger HIV? adults [13] . At the neurocognitive domain level, older HIVinfected adults appear to be particularly vulnerable to deficits in the areas of executive functions (e.g., [14] ) and episodic memory (e.g., [15, 16] ). These neurocognitive deficits among older HIV? individuals translate to an increased risk for problems in real-world everyday functioning, including difficulties with driving, managing medications, and other instrumental activities of daily living (IADLs) [17] [18] [19] [20] [21] . IADL impairments in this group represent a significant public health burden and a threat to successful cognitive aging at the individual level.
There are numerous potential mechanisms underlying the heightened risk for NCI in older HIV? adults. Medical comorbidities are elevated among older adults, and HIV? persons have been shown to have a disproportionate number of these comorbidities (e.g., hypertension, diabetes, and cardiovascular disease) as compared to HIVuninfected individuals [22] [23] [24] [25] [26] . Moreover, older individuals who present with HIV infection are more susceptible to a delayed HIV diagnosis and subsequently may present with more severe immunosuppression. In contrast, older HIV? persons with a long duration of infection may have had longer ART exposure, and a greater potential to be exposed to older, more toxic ART regimens [22, 27, 28] .
Physical activity (PA) as a cognitive protective factor and intervention strategy to improve cognitive functioning has grown in interest over the past decades in the general population, as well as in HIV populations. Intervention studies have shown that PA, as a behavioral tool, is associated with delayed cognitive decline in older, HIVseronegative populations (e.g., [29] [30] [31] [32] ). However, among HIV populations, the vast majority of the studies have examined the positive effects of PA on physiological outcomes, such as body composition [33, 34] , lipodystrophy [35] , muscle strength [36, 37] , vascular and metabolic biomarkers such as cholesterol and triglycerides [38] , and aerobic capacity [i.e., maximal oxygen consumption (VO 2max )] [34, 38, 39] .
The few studies of PA and neurocognitive outcomes among HIV populations have yielded significant associations. Honn et al., [40] found that self-reported PA was associated with better performance on measures of psychomotor speed and attention/working memory in a sample of HIV? young adult men (mean age = 33.0; standard deviation = 7.0). Fillipas et al., [41] found that a PA intervention in middle-aged (mean age = 43.5; standard deviation = 8.0) HIV? men resulted in significant improvements in self-reported cognitive problems; however, objective cognitive performance was not examined. A study by our group (i.e., the HIV Neurobehavioral Research Program [HNRP]) [42] found that self-reported PA was associated with less NCI, particularly in the working memory and speed of processing domains, in middle-aged adults (mean age = 47.4; standard deviation = 10.3) with HIV. Regarding everyday functioning, studies in HIV have shown positive effects of PA on psychosocial outcomes such as quality of life and mood [43, 44] , but no studies have explicitly examined PA and IADLs in HIV, which is an important outcome in aging populations.
Thus, the purpose of the current study was to examine the association between PA and concurrent neurocognitive and everyday functioning in a well-characterized sample of older HIV? adults. This study extends the limited prior literature on the association between PA and neurocognitive and everyday functioning among HIV-infected adults in four important ways: (1) examining this association within older HIV? adults; (2) assessing real-world everyday functioning (i.e., IADL Dependence); (3) examining the independence of the association by considering relevant covariates; and 4) using a well-validated PA instrument.
Method

Participants and Procedure
The present study examined 100 community-dwelling, older (i.e., aged 50 years and above), HIV-infected adults from Successfully Aging Seniors with HIV (SASH) study conducted at the University of California San Diego (UCSD) HNRP. The study was approved by the UCSD Institutional Review Board and all participants provided written informed consent to participate. Exclusion criteria included a history of non-HIV related neurologic disorders (e.g., Parkinson's Disease) or any other known conditions that may be associated with impaired neurocognitive performance (e.g., seizure disorder, stroke, head trauma with loss of consciousness greater than 30 min, and self-reported history of psychotic disorders). See Table 1 for the full list of sample characteristics.
Physical Activity
The International Physical Activity Questionnaire (IPAQ) Short Form [45] was used to measure self-reported engagement in PA over the past 7 days. In the current study, staff administered the IPAQ to ensure consistency and accuracy of data collection. Participants were queried about their frequency (i.e., number of days) and duration (i.e., number of minutes per day) in walking, moderateintensity activity, and vigorous-intensity activity, over the past 7 days across any of the following domains: leisure time PA, domestic activities, work-related activities, and transport-related activities. Using established IPAQ guidelines for scoring, metabolic equivalent (MET) minutes per week continuous scores were generated for walking, moderate activity, vigorous activity, and total activity, separately. Higher IPAQ scores reflect greater engagement in PA, taking into account established MET values for each activity level (i.e., walking: 3.3; moderate: 4.0; vigorous: 8.0). An overall categorical IPAQ score is also yielded, which classifies subjects into three PA levels: low, moderate, and high. Descriptive detailed IPAQ data are reported in Table 2 .
Outcomes
Neurocognitive Functioning
Participants completed a standardized neurocognitive test battery that assesses seven cognitive domains commonly affected by HIV, including verbal fluency, working memory, speed of information processing, verbal and visual learning and delayed recall, executive function, and motor function. The test scores were adjusted to correct for normal effects of age, gender, education, and race/ethnicity, as indicated [46] [47] [48] . Each neurocognitive test score was converted to a standard T-score and then into a domain deficit scores for each cognitive domain, as well as a global deficit score. Global deficit scores of .50 or greater were used to classify subjects as neurocognitively impaired (i.e., global NCI) or neurocognitively normal. Domain deficit scores greater than .50 were used to classify domain-level impairment [49] .
IADL Dependence
Self-reported everyday functioning was assessed using a modified version of the Lawton and Brody Activities of Daily Living (ADL) Questionnaire [50] . The ADL includes questions on the following 11 IADLs: managing finances, managing medications, shopping, buying groceries, cooking, child care, working, transportation, social activities, understanding written material/television, and using the telephone. For each IADL participants report current level of assistance needed as well as highest level of performance. Scoring includes total IADL complaints, which is used to derive the IADL Dependence variable, such that participants were classified as IADL Dependent if their self-reported current functioning level was lower than their highest level of functioning for at least two domains. In this way, the IADL Dependence variable captures both a need for assistance as well as a decline from previous functioning, consistent with the most current research nosology for defining HAND (i.e., Frascati criteria) [51] . 
Covariates
We also examined common confounders that may influence the relationship between PA and NCI and IADL Dependence, including demographic factors (i.e., age, gender, education, race/ethnicity), HIV disease characteristics (i.e., estimated duration of HIV, current and nadir CD4? lymphocyte count, AIDS status, ART status, and plasma viral load), lifetime and current substance use disorder diagnosis, and lifetime and current major depressive disorder (MDD) diagnosis. The complete list of potential covariates examined is available in Table 1 . Nadir CD4? count was self-reported unless a participant's laboratory CD4 count was lower than the self-reported value. AIDS diagnosis was derived using CDC criteria [52] . Plasma HIV viral load was considered ''undetectable'' below 48 copies/mL. Comorbidity data was gathered using the International Classification of Diseases ninth revision [53] . Substance use disorders (i.e., including any current or past diagnosis of substance abuse and/or dependence for the following substances: amphetamine, cocaine, hallucinogen, inhalant, sedative, opioid, PCP, alcohol, marijuana) and MDD diagnoses were assessed through the computer-assisted Composite International Diagnostic Interview, version 2.1 [54] .
Statistical Analyses
T-tests and Chi square analyses were conducted to examine the association between IPAQ variables and the primary outcome (i.e., global NCI). In order to present a parsimonious summary of our findings, additional analyses only focus on the IPAQ variable(s) associated with global NCI. Similarly, associations between all Table 1 demographic, psychiatric, HIV-disease, and comorbidity variables and global NCI and our secondary outcome (i.e., IADL Dependence) were conducted to determine which variables should be considered as covariates in the respective main analyses. We considered covariates in our main analyses that were associated with both the independent variable (PA) and the outcomes at p \ 0.10. Main analyses for both global NCI and IADL Dependence used multivariable logistic regressions and included all relevant covariates, determined by the backward stepwise selection method using the conservative minimum Bayesian Information Criterion (BIC) as the stopping rule. Finally, a planned post hoc analysis was conducted to examine group differences on PA across four groups based upon global NCI and IADL Dependence status [Normal (n = 42), Impaired in Both (n = 15), IADL Dependent/NC Normal (n = 15), and IADL Independent/NC Impaired (n = 28)], similarly controlling for variables associated with PA and NCI/IADL group. In this way we could examine the association between PA and syndromic NCI by combing global NCI and IADL Dependence.
Results
Preliminary t-tests showed that of the IPAQ variables, the moderate IPAQ continuous score was associated with global NCI, whereas other continuous IPAQ variables and the overall IPAQ categorical score were not (p-values [0.05) (Fig. 1) . Therefore, moderate IPAQ continuous scores were used in all subsequent analyses. Logistic regressions showed that the moderate IPAQ score was significantly associated with both global NCI (v 2 = 8.4, df = 1, p \ 0.01) and IADL Dependence (v 2 = 5.0, df = 1, p = 0.03) at the bivariate level. Of the covariates listed in Table 1 , current MDD and age were associated with both the moderate IPAQ score and global NCI (p \ 0.10) while lifetime MDD was associated with both moderate IPAQ score and IADL Dependence (p \ 0.10).
In order to balance good fit with model parsimony, a backward stepwise multivariable logistic regression was conducted entering the moderate IPAQ score as the independent variable, global NCI as the dependent variable, and the aforementioned covariates. Using the minimum BIC value as the stopping rule, only the moderate IPAQ score was retained in the model (p \ 0.01). The association showed that higher moderate IPAQ scores were associated with lower odds of global NCI [odds ratio (OR) per 100 units = 0.94; confidence interval (CI) = 0.89-0.98, p \ 0.01]. For visual purposes, Fig. 2 displays a plot of predicted probabilities from this model, showing that higher moderate IPAQ variables are associated with a lower probability of global NCI.
We then examined the associations between the moderate IPAQ continuous score and domain level NCI. Bivariate logistic regressions showed that only NCI in the executive function domain was significantly associated with the moderate IPAQ score (v 2 = 6.5, df = 1, p = 0.01). In a similar backward stepwise multivariable logistic regression as with global NCI with regard to independent variables, and with executive function NCI as the dependent variable, using the BIC stopping rule, the model retained only the moderate IPAQ score (p = 0.01). The direction of this association was such that higher moderate IPAQ scores were associated with lower odds of executive function NCI.
In order to examine the association between the moderate IPAQ score and IADL Dependence, a backward stepwise multivariable logistic regression was conducted including lifetime MDD as a covariate. Using the BIC value as the stopping rule, only lifetime MDD was retained in the model. A follow-up logistic regression was conducted including lifetime MDD and forcing in the moderate IPAQ score, and showed that higher moderate IPAQ scores were associated with lower odds of IADL Dependence at the trend level (OR per 100 units = 0.96, CI = 0.89-1.01, p = 0.08).
Finally, to examine the association between PA and syndromic NCI (i.e., global NCI and IADL Dependence combined), a planned post hoc analysis of variance (ANOVA) was conducted examining the differences in the moderate IPAQ score between groups based upon NCI and IADL Dependence [i.e., Normal (n = 42), Impaired in Both (n = 15), IADL Dependent/NC Normal (n = 15), and IADL Independent/NC Impaired (n = 28)]. The omnibus ANOVA showed that there was a significant difference across groups on the moderate IPAQ score (F(3, 96) = 3.8, p = 0.01) and Tukey's Honest Significant Difference (HSD) pair-wise tests revealed specifically that the Normal group significantly differed between the Impaired in Both group (p = 0.03) and there was a trend towards a difference between the Normal group and the IADL Independent/NC Impaired group (p = 0.07). This difference remained when controlling for both current and lifetime MDD, which differed across groups and were associated with moderate IPAQ scores. Figure 3 presents unadjusted moderate IPAQ score means by NCI/IADL groups.
Discussion
This cross-sectional study shows that greater levels of selfreported moderate PA are associated with less neurocognitive and everyday functioning impairment among older adults living with HIV. The neurocognitive domain of executive functioning may be most benefited by PA, which is consistent with the non-HIV aging literature (e.g., 29). Furthermore, we found that those with neither IADL Dependence nor global NCI had the highest moderate PA levels compared to those with both IADL Dependence and global NCI. The mechanisms underlying the association between PA and neurocognitive functioning may be due to changes at the brain level (e.g., via neuroplasticity, neurogenesis, and/ or increased cerebral blood flow), an indirect effect via PA reducing cardiovascular comorbidities (e.g., diabetes, hypertension), or a combination of both direct and indirect mechanisms. Although the necessary neuroimaging and physiologic data were not available to examine a direct effect of PA on the brain, we did examine the associations between PA and comorbidities and PA was not associated with any of the cardiovascular conditions. The cross-sectional nature of this study does not allow for determination of causation, thus an alternative explanation of these findings could be that those with NCI and IADL Dependence are less likely and able to participate in PA. Nonetheless, our overall findings support the existing literature in HIV-uninfected populations showing that physical exercise may protect against neurocognitive and everyday functioning impairment.
The finding that only the moderate IPAQ variable was associated with neurocognitive functioning was somewhat unexpected, and warrants further examination. It is possible that the association with moderate PA may imply a dose-dependent response of PA levels on neurocognitive and everyday functioning. For example, low-intensity PA may not produce the optimal amount of neuroprotective physiologic effects whereas vigorous PA could possibly excite certain neurotoxins and further distribute them throughout the brain. Furthermore, perhaps the association with the IPAQ total score and NCI was not significant because on average, 52 % of the total score was comprised of walking (meaning that was the most common for most people) and perhaps that was diluting the effect. On the other hand, studies have also shown that walking is associated with better cognitive outcomes [55] ; thus, caution should be used when interpreting the effect of moderate PA. Nonetheless, many interventional studies have used moderate PA with successful results on neurocognitive outcomes, and our findings support moderate PA as the optimal dose for positive neurologic outcomes [56, 57] .
However, it is likely that the unique association with moderate PA may also have been due to measurement limitations of the IPAQ. It should be noted that while the IPAQ continuous scores are independent (i.e., participants are instructed to report walking in the ''walking'' category only and not in the ''moderate'' category), neither the total continuous score (sum of walking, moderate, and vigorous activity) was associated with our outcomes, nor was a sum created based on walking and moderate continuous scores. This suggests there may be reporting and measurement issues with the IPAQ. Indeed, studies have shown that there are both under and over reporting issues with the IPAQ in both older and younger populations [58] . Furthermore, one study found that individuals with HIV over-report vigorous PA as they may report an activity as vigorous from their perspective, when objectively the activity may only be moderate or less [59] . Other studies have also found advantages to making cultural adaptations to the IPAQ for older adults, including modifying order of questions and providing more culturally relevant examples of PA [60] . These findings highlight the need for further research (both observational and interventional) to examine the association of PA with neurocognitive and everyday functioning outcomes in older HIV? adults to determine both dosage and mechanisms (direct and indirect). Specifically, these studies should use objective PA and neuroimaging assessment methods (e.g., pedometers, accelerometers, cerebral blood flow, heart rate variability, fMRI) to more precisely examine these relationships. In addition to objectively measuring PA, performance-based everyday functioning assessments should be used as outcomes, which is a limitation of this study. Further, the nature of the PA (e.g., work-related, leisure time exercise) should be taken into consideration. This study also highlights the potential limitations of the IPAQ for older HIV? populations. Future intervention studies should be carefully designed to objectively measure both PA and neurocognitive and functional trajectories over time, and may benefit from utilizing advanced, real-time mobile technological methods to capture and promote adherence (e.g., text-messaging reminders, cell phone step counts).
